Because there is a dearth of data on the taxon Senna, the aim of this study was to determine the phytochemical composition of various botanical parts of Senna gardneri Irwin & Barneby and Senna georgica Irwin & Barneby. A total of 24 polyphenolic compounds were identified in methanol extracts. The higher concentration (on a dry weight basis) of polyphenolic compounds, was detected in the leaves (29.3 g/kg) and roots (17.3 g/kg) of S. gardneri. By contrast, a lower concentration of polyphenolic compounds were detected in the roots of S. georgica (11.8 g/kg), followed by the bark (5.8 g/kg), leaves (0.7 g/kg) and fruits (0.3 g/kg). Flavonoids comprised the major polyphenolic compounds in leaves of S. gardneri (98 %) and S. georgica (100 %) and the bark of S. georgica (86 %). Whereas the composition was quite different in the roots, of which the major components were stilbenes and naphthapyrones at 87 % and 13 % in S. georgica roots and 64 % and 28 % in S. gardneri roots. The fruits of S. georgica contained only one anthraquinone. In conclusion the roots of S. gardneri (11.023 g/kg) and S. georgica (10.285 g/kg) are a rich source of stilbenes, which have promising cancer chemopreventive capacities.
Extracts of Senna species have several popular applications, the oldest being as a laxative, attributed mainly to the presence of anthraquinones and bianthrones, notably sennosides A and B, (Senna alexandrina, Cassia angustifolia and Senna acutifolia) and as pigments (Senna cernua (Balbis) I. & B., Senna multijuga (L. C. Rich.) [1, 2] . Several other proven and relevant biologic activities such as anti-allergic, anti-inflammatory, antioxidant, antibacterial, antimicrobial, analgesic, antiparasitic, insecticidal, antitumor, hepatoprotective and antifungal effects are reported for several species of Senna [3] .
There are abundant reports on the polyphenolic profiles of the genus Cassia [4] , which originally also contained the genus Senna. However since the genera were separated [5] , into both Cassia and Senna genera, there are only a few published reports of the phytochemical composition of the latter. Recently in a comprehensive study, we identified and quantitated a total of 27 polyphenolic compounds in Senna splendida (Vogel) HS Irwin & Barneby [6] . The composition of the polyphenolic compounds in the flowers, leaves and bark were dominated by flavonoids at > 98 %. By contrast the composition of the roots was quite different, of which the major components were naphthapyrones (54 %) and stilbenes (39 %) with a very low contribution of flavonoids (5 %) and phenolic acids (2 %).
Previous to this, the following compounds were detected in Senna macranthera pudibunda namely 10-demethyl flavasperone, 10-demethylflavasperone-10-sulphate, 10-demethylflavasperone-10-O-β-D-apiofuranosyl-(1-6)-O-β-D-glucopyranoside and cassiapyrone-10-sulphate (7-methyl-10-demethylflavasperone-10-sulphate) [7] as well as rubrofusarin-6-O-β-D-glucopyranoside, quinquangulin-6-O-β-D-apiofuranosyl-(l-6)-O-β-D-glucopyranoside, quinquangulin-6-O-β-D-glucopyranoside and chrysophanol dimethyl ether, chrysophanol, physcion, cis-3, 3', 5, 5'-tetrahydroxy-4-methoxystilbene, trans-3, 3', 5, 5'-tetrahydroxy-4-methoxystilbene, and cassiaside B [8] . Of these only two were detected by us in Senna splendida [6] namely rubrofusarin-6-O-β-D-glucopyranoside (rubrofusarin glucoside) and trans-3, 3', 5, 5'-tetrahydroxy-4-methoxystilbene (methoxy oxoresveratrol). Here we report the identification and quantitation of polyphenolic compounds in various botanical parts of Senna gardneri Irwin & Barneby and S. georgica Irwin & Barneby.
The yields, following Soxhlet extraction with methanol, of the leaves and roots (10 g) of Senna gardneri Irwin & Barneby (Senna gardneri) after delipidation with hexane were 4.7, and 4.5 g respectively, whereas the corresponding values in the fruits, leaves, roots and bark of Senna georgica Irwin & Barneby (S. georgica) were 0.5, 1.3, 0.6 and 2.5 g respectively. A total of 24 polyphenolic compounds were detected and identified in the methanol extracts of the botanical parts of S. gardneri and S. georgica by HPLC-ESI-MS (Tables 1 and 2 ) based on their HPLC-ESI-MS data, in both negative and positive ion modes. Representative HPLC chromatograms are depicted in Figures 1-3 . Their structures are depicted in Figures 1-5 (Supplementary data). The identification of the aglycone polyphenolic compounds was also confirmed by GC-MS (Table 3) . A major proportion were identified by comparison with data for authentic commercial standards generated under identical conditions. Of the polyphenolic compounds, 72 % were detected in one, 20 % were detected in two and only 8 % in three botanical parts. None were common to the four botanical parts. Based on the standard curve data (Supplementary data: Table 1 ), the highest concentration (on a dry weight basis) of polyphenolic compound´s, was detected in the leaves (29.1 g/kg) and roots (17.3 g/kg) of S. gardneri. By contrast, the values in the botanical parts of S. georgica were somewhat lower. The highest concentration of polyphenolic compounds were detected in the roots of S. georgica (11.8 g/kg), followed by the bark (5.8 g/kg), leaves (0.7 g/kg) and fruits (0.3 g/kg). Table 4 : Concentration (g/kg dry weight) of polyphenolic compounds detected in methanol extracts of various botanical parts of Senna gardneri and S. georgica as determined by high performance liquid chromatography-electrospray-ionization mass spectrometry (HPLC-ESI-MS) as described in the Experimental section. LOD = limit of detection; LOQ = limit of quantitation; nd = not detected. SGarL = S. gardneri leaves; SGarR = S. gardneri roots; SGL = S. georgica leaves; SGR = S. georgica roots; SGB = S. georgica bark; SGF = S. georgica fruits. **Rutin glucoside (V), quercetin diglucoside (VI) and rutin pentoside (VII) were calculated against the standard curve of rutin. ***Kaempferol rhamnodiglucoside (VIII) and kaempferol diglucoside (X) were calculated against the standard curve of kaempferol rhamnoglucoside.
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Rubrofusarin tetraglucoside (XVII), rubrofusarin triglucoside (XIX), rubrofusarin gentobiocide (XXIII) and rubrofusarin glucoside (XXIII) were calculated against the standard curve of rubrofusarin. In all cases relevant molecular weight corrections were made. *COV% of duplicate extractions and work-up procedures < 5 Flavonoids comprised the major polyphenolic compounds in leaves of S. gardneri (98 %) and S. georgica (100 %) and the bark of S. georgica (86 %). Whereas the composition was quite different in the roots, of which the major components were stilbenes and naphthapyrones at 87 % and 13 % in S. georgica roots, and 64 % and 28 % in Senna gardneri roots. The fruits of S. georgica contained only very low quantities of one anthraquinone namely emodin. The major components (Table 4) in S. gardneri leaves were quercetin glucoarabinoside (11.5 g/kg), quercitrin (8.1 g/kg) and isoquercitrin (6.5 g/kg); in S. gardneri roots, methoxy oxyresveratrol (11.0 g/kg), rubrofusarin gentobioside (2.8 g/kg) and rubrofusarin triglucoside (0.8 g/kg); in S. georgica leaves, kaempferol rhamnodiglucoside (0.3 g/kg); in S. georgica roots, methoxy oxyresveratrol (10.1 g/kg); in S. georgica bark, myricetin (2.6 mg/kg) and in S. georgica fruits, emodin (0.3 g/kg).
The polyphenolic profiles in botanical parts of S. gardneri and georgica methanol extracts bear a close similarity to those described for S. splendida (Vogel) HS Irwin & Barneby [6] comprised mainly of flavonoids, stilbenes and naphthapyrones. The major components of the roots were again stilbenes, however at a concentration of 64 and 87% respectively representing a 25% and 48% increase in S. gardneri and georgica methanol extracts compared to S. splendida (Vogel) HS Irwin & Barneby (39%) [6] . Roots of S. gardneri, georgica and splendida [6] are a rich source of stilbenes in the form of resveratrol derivatives. A major difference between the species S. splendida [6] , versus S. gardneri and S. georgica, was the much higher levels of flavonoids (especially quercetin diglucoside, kaempferol digucoside and rutin) in the leaves of the former. 1514 Natural Product Communications Vol. 13 (11) 2018
Maia et al.
The antioxidant capacities of the polyphenolic compounds isolated and purified from the S. gardneri and georgica extracts was variable (Table 5 ), but the mean antioxidant capacity factor across the assays was highest for oxyresveratrol (1600), followed by quercetin (1500), myricetin (1200) and rutin (1000) and the lowest for kaempferol rhamnoglucoside (300). However in the ORAC assay, which is the more relevant assay with regard to reactive oxygen species (ROS) generated in vivo, the most potent antioxidant, in comparison to trolox (1.0 unit) was oxyresveratrol (16.40 units) followed closely by quercetin (10.77 units), and vanillic acid (8.64 units). As far as we are aware the ORAC value for oxyresveratrol (XIII) is the highest reported to date.
In conclusion, this is another very comprehensive report on the identification and quantitation of polyphenolic compounds in members of the Senna genus, namely S. gardneri and S. georgica. As far as we are aware, there are no previous substantive reports on the identification of the polyphenolic compounds present in these species and, certainly no quantitative data. Botanical parts of S. gardneri and S. georgica are shown to contain relevant amounts of potential cancer chemopreventive compounds especially stilbenes, and are therefore worthy of further study.
